



































ラチン 1は，D/N PKC によって顆粒層での発現が増加した．一方で，顆粒層マーカーロリク
























研 究 方 法
　1．細胞培養
　正常ヒト表皮ケラチノサイト（normal human 
















に，ゲルあたり 2.5 × 105 個のヒト真皮由来繊
維芽細胞を懸濁し，セルカルチャーインサート
（1.0 mm pore size, PET track-etched membrane, 
BectonDickinson Lab ware, Franklin lakes, NJ, 
USA）内で重合させた．この際，培地はFAD培地




培地）を使用した．1 週間後，ゲル上に内径 1 cm
のガラスリングを乗せ，その中にヒト初代培養ケラ
チノサイト（1.2 × 106 個）を播種した．1 日後に
培地を KGM/FAD ＝ 1：1 に置換し，さらに翌日
ケラチノサイトの表面を空気に曝露した．9 日間
培養後，この三次元培養標本を OTC-compound









体（Covance, Richmond, California, USA），抗 PKC
α，PKCδおよび PKCε抗体（Santa Cruz Biotec., 
SantaCruz,, CA, USA），抗 PKCη抗体（GeneTex, 




により検出した．また alexa488- および alexa548-












ルスの精製と力値は，Adeno-X puriﬁcation kit お





白溶解液（10 mM Tris, pH（8.0）, 9.5 M urea, 2 mM 
phenylmethylsulfonyl ﬂuoride, 1 mM dithiothreitol, 





ライド（polyvinyldene diﬂuroride : PDVF）膜に転
写した．PDVF膜はブロッキング液（5％スキンミ







　RNA発現量は SYBR GreenER qPCR SuperMix
（Invitrogen）を用いて，ABI PRISM 7000 Sequence 
Detection System（Applied Bio Systems, Carlsbad, 





ステップを 95℃で 10 分間の後，95℃で 10 秒間，
60℃で 30 秒を 40 サイクルに設定した．
　使用したプライマーは以下の通りである．ケ




























を感染多重度（Multiplicity of infection : MOI＝ 10）
の条件で感染させた後，コラーゲンゲル上に播種，
Fig. 1　Diagram of 3D culture
































PKCε，PKCηの 4 種類の PKC 分子が発現してい
る5）．そこで，それら4種類のPKC分子種のキナー
ゼ活性を失わせた D/N PKC アデノウイルスベク























































Fig. 4　 Expression of each PKC isofoms in 3D culture. Adenoviruses were introduced by addition both into the 
medium and onto keratinocytes. Upper panel shows the expression of indicated PKC isoform in the indicated 
D/N PKC adenovirus-introduced 3D culture. Lower panel shows the expression of indicated PKC isoform in the 
LacZ adenovirusintroduced 3D culture. The white dots represent the boundary of the epidermis. 
Green : PKC, Blue : nuclei
Fig. 2　 Expression of PKCη in 3D culture. LacZ- or D/N PKCη - expressing adenovirus vector was introduced 
to keratinocytes by addition of the virus onto the keratinocytes on collagen gel. PKCη proteins were 
detected with the speciﬁc antibody and visualized with AEC dye.
Fig. 3　 Expression of PKCη in 3D culture. Adenovirus vector was introduced by addition to keratinocytes 
before seeding the collagen gel.
LacZ : 3D culture introduced the LacZ-expressing adenovirus. D/N PKCη: 3D culture introduced 
the dominant negative PKCη-expressing adenovirus. HE : hematoxylin-eosin staining, PKCη: 
immunostaining of PKCη proteins
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ンの発現には，分子種により差異が認められた．





Fig. 5　 Immunostaining of Ki67 in the dominant negative PKC adenovirus- introduced 3D culture. 
Green : Ki67, Blue :  nuclei The white dots represent the boundary of the epidermis.
Fig. 6　 Expression of diﬀerentiation-associated genes in the 3D culture introduced the dominant 
negative PKC adenovirus.


















Fig. 7　 Expression of differentiation marker genes of 
keratinocytes. Keratinocytes were infected with 
the indicated virus for 12 hr.
The cells were detached, and cultured in meth-
ylcellulose-containing KGM for 60 hr.
NF ; No ﬂoating culture.
Fig. 8　 mRNA expression of differentiation marker 
genes.
Keratinocytes were infected with the indicat-
ed virus for 12 hr. The cells were detached, 
and cultured in methylcellulose-containing 
KGM for 48 hr. Value represent the relative 
expression compared to LacZ-introduced ke-
ratinocytes. Error bars represent standard 
deviation（N＝ 4）.
NF; No ﬂoating culture.
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　Abstract 　　 Gene engineering techniques such as transgenic and gene knock-out animals are power-
ful tools to clarify gene function in the organism.  It is known that a conserved gene between animals 
and humans plays a physiologically distinct role in the growth and diﬀerentiation of cells.  Elucidation of 
the gene function in the human body is valuable for the development of novel medicines such as molecu-
lar target drugs.  However, it is extremely diﬃcult to engineer certain genes in humans.  We present 
here an eﬀective gene transfer method to three-dimensional skin culture （3D culture） with replicative-
deﬁcient adenovirus vector.  The 3D culture is a human skin equivalent consisting of stratiﬁed keratino-
cytes and a dermal equivalent.  We added the adenovirus vector onto the keratinocytes and into the cul-
tured medium before starting the stratiﬁcation.  The expression level of the introduced gene continued at 
least 10 days after infection.  Furthermore, we investigated the role of protein kinase C （PKC） in the 3D 
culture with this method.  We introduced the adenovirus expressing the dominant negative mutants（D/
N） of PKCα, δ, ε and η to the 3D culture and examined their eﬀects on growth and diﬀerentiation.  D/
N PKCα increased proliferation of the basal cells of keratinocytes, and D/N PKCδ caused irregular 
growth of some cells in the spinous layer.  D/N PKCδ increased loricrin expression, a late marker of ke-
ratinocyte diﬀerentiation, whereas D/N PKCη decreased the loricrin expression.  These ﬁndings indicate 
that a combination of 3D culture with the adenovirus vector is a useful tool for elucidating the gene func-
tion.
Key words :  3D culture, keratinocyte, protein kinase C, adenovirus vector, gene transfer
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